Cerium oxide (CeO 2 ) nanoparticles (NPs) possessing defined size and crystallinity have been synthesised by a co-precipitation method. The effect of several parameters, such as the nature of the solvent and the calcination process, on the crystallite size was studied by XRD, TEM and BET methods. These CeO 2 nanoparticles were then incorporated in dodecylsulfate (DS) doped PPy films during their electrodeposition in potentiodynamic conditions in order to produce PPy-DS/CeO 2 NPs nanocomposite thin films on gold coated quartz crystals. Simultaneous EQCM experiments revealed successful incorporation of increasing amounts of cerium oxide nanoparticles in the polypyrrole matrix during each of the consecutive CV scans. This was confirmed using FEG-SEM and EDS microanalysis.
1
Introduction
Composite materials based on an electronically conducting polymer (ECP) matrix incorporating metal oxide nanoparticles constitute a fascinating class of functional materials, as shown by review articles [1] . They are potentially aimed at a vast range of applications among which one can cite protection against corrosion of iron [2] , electrocatalysis [3] , supercapacitors [4, 5] or Li-ion batteries [6] . Besides their applications, such composite materials are also interesting from a fundamental point of view. Their complex chemical composition, the distribution of the different phases and their physicochemical interactions inside the bulk of the overall composite material make their main properties unpredictable. For example, in a recent contribution, our group showed that the conductivity of electrodeposited polypyrrole thin films undergoes opposite influences from dodecylsulfate (DS) anions and incorporated iron oxide particles [2] . More specifically, PPy-DS films were shown to possess a rather good electronic conductivity, compared to PPy films doped with other anions, as a consequence of the beneficial effect of dodecylsulfate anions. However, PPy-DS films containing iron oxide particles were found 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   3 to have a lower conductivity that was moreover found to depend on the identity and/or crystallographic variety of the incorporated iron oxide (α-Fe 2 O 3 , γ-Fe 2 O 3 , Fe 3 O 4 ) [2] .
Literature also contains many reports showing that incorporation of metal or metal oxide nanomaterials in ECPs may substantially modify their well-known physico-chemical properties, besides providing new ones, which is beyond this discussion. In a nonexhaustive list, one can remind that polypyrrole/WO 3 nanomaterials based composite materials possess a rare negative permittivity and their switching frequency can be tuned with the help of particle loading. In particular, among other parameters, increased nanoparticle loading was also shown to improve the electrical conductivity, dielectric permittivity, and thermal stability of the resulting nanocomposites [7] . One should also notice that magnetite incorporation stabilizes the polaronic form of polypyrrole matrices and also preserves it from further oxidation [8] or allows production of unexpected 1 µm wide stripe-like microstructures resulting from the self-assembly of magnetic components [9] .
In this contribution, one of our goals was to identify a likely influence of the incorporation of cerium oxide nanoparticles on the ion transfer behaviour observed at the interface between PPy-DS/CeO 2 NPs nanocomposite materials and an aqueous electrolytic solution. During the last decades, cerium (IV) oxide (CeO 2 ) , also named ceria, was widely applied in many fields and thus, established as one of the most interesting rare earth oxides.
Numerous CeO 2 synthesis procedures have been reported in literature [10] [11] [12] [13] leading to various nanoparticle morphologies. These materials were extensively studied owing to their many distinctive characteristics and applications such as catalysts in the fuel cell technology [14] , gas sensor [15] , catalytic wet oxidation [16] [17] , oxygen storage and release [18] , wastewater treatment [19] or photo-catalytic oxidation of water [20] . 4 In our work, CeO 2 oxide was selected as it is expected to provide its strong oxidizing power to the resulting PPy-DS/CeO 2 NPs nanocomposite materials.
The technique employed for the investigations of ion exchange behaviour of nanocomposite PPy-DS/CeO 2 NPs materials reported hereafter is ac-electrogravimetry, according to recent contributions showing it is an appropriate methodology for such investigations [21] [22] [23] [24] [25] [26] [27] [28] . Specifically, ac-electrogravimetry, i.e. simultaneous measurements of the usual electrochemical impedance, E () I    , and of the mass/potential transfer
, provides a clear separation and identification of all the species. These species involved in the electrochemical reactions associated to the film can be charged or non-charged and, their contributions can be clearly determined thanks to acelectrogravimetry [21] [22] [23] [24] [25] [26] [27] [28] .
Theory
Briefly, ac-electrogravimetry consists in coupling electrochemical impedance measurements with a fast response quartz crystal microbalance (QCM) used in ac-mode. It allows the response in current,
, electrical transfer function, and in mass,
mass-potential transfer function to be simultaneously obtained owing to a sinusoidal potential perturbation with a small amplitude (ΔE) [21] [22] [23] . The advantage of combining such transfer functions is the possibility of a fair separation of the different electrochemical processes, which involves concomitantly the mass and charge changes. In fact, at the film/electrolyte interface, the ion-exchange phenomenon is modified when a small sine wave potential perturbation, (ΔE), is applied. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
where m i is the atomic mass of the species a, c, or s. Based on the same model and according to Eq. 1,
is also obtained, taking into account only the charged species transferred through the film/electrolyte interface. If one cation and one anion are involved in the electrochemical process, the following equation can be used:
When the response of the electrochemical system is perturbed at low frequencies with a parasitic electrochemical reaction, characterized by a parasitic impedance (Z par ()) 6 described in equation (4), in parallel with the ionic transfer, the global electrochemical impedance (equation 5) becomes:
In Eq. 5, R el is the electrolyte resistance and C dl is the interfacial capacitance. Another pertinent transfer function can also be simulated here, the so-called charge/potential transfer function, 
These theoretical expressions were used to simulate the experimental responses of the electrochemical impedances, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 The schematic diagram of the experimental procedure described hereafter is shown in Figure 1 . All the chemical reagents were used without purification. In order to evaluate the influence of some of the synthesis parameters, four different powders have been compared in this work (see Table 1 ). Apart from CeO 2 NPs of the a type that were purchased from Aldrich, CeO 2 NPs of the b and c types were synthesized in aqueous medium and in a C 2 H 5 OH / H 2 O mixture (1/1 by vol.) respectively. The latter one (c) was calcinated at 600 °C for 1 h and noted powder of the d type. The overall chemical reaction of formation of cerium oxide in alkaline solution is as follows:
Let us emphasise that the liquid-phase precipitation process includes three steps: chemical reaction, nucleation and crystal growth. Generally, these three steps are fast, hence, the mixing step has a large influence on the product particle size and its distribution [29] . It is thus important to define the crystalline variety as well as an accurate estimation of the size of the resulting nanoparticles. 3 Table 1 ): d XRD = 0.9 λ / FWHM cos θ (8) where λ was the incident wavelength (1.5406 A° in this study) of X-ray and θ was the diffraction angle for the (111) plane.
The CeO 2 nanoparticle diameter and morphology were determined by transmission electron microscopy (TEM, JEOL 2000Fx). For that purpose, samples for TEM were prepared by ultrasonically dispersing the CeO 2 NPs in ethanol, and then dropped onto carbon-coated copper grids. Corresponding TEM images and electron diffraction patterns were recorded. The average particle size (d TEM ) was determined by TEM images with a 50 particles sample.
The specific surface area of CeO 2 nanoparticles (A(m 2 .g -1 )) was measured by nitrogen adsorption at 77.3 K using a Quantachrome instrument and calculated by Brunauer-Emmett-Teller equation, assuming that the CeO 2 nanoparticles are spherical and non-porous [3] . The corresponding particle size (d BET ) can be estimated as:
where ρ is the density of CeO 2 , ρ =7.28 g.cm -3 [31] . The morphology of the nanocomposite films was examined with a scanning electron microscope (FEG-SEM, Ultra 55 from Zeiss) coupled with EDS microanalysis.
Electrosynthesis and characterization of

ac-electrogravimetry
The electrochemical experiments were carried out in a classical three-electrode cell adapted for ac-electrogravimetry experiments in which the three electrodes were the same as those mentioned above for EQCM experiments.
The conditions for the electrochemical synthesis of PPy-DS and PPy-DS/CeO 2 NPs were identical to those reported above (see Part 3.3), except that, in the case of nanocomposite materials, the electrosynthesis solution contained CeO 2 nanoparticles at two different concentrations, either 2 g.dm -3 or 5 g.dm -3 ) in order to evaluate the influence of the amount of cerium oxide nanoparticles incorporated in the PPy-DS matrix on the ion exchange behaviour of the resulting nanocomposite films.
As far as ac-electrogravimetry experiments are concerned, they were carried out in a 0.5 mol.dm -3 NaCl aqueous electrolytic solution that was de-aerated prior to the 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  , to be simultaneously obtained at a given potential situated inside the potential range allowing the redox switching of the polymer film [21] [22] [23] . The third transfer function,
 , can be experimentally calculated by using the following equation:
Results and Discussion
Characterization of CeO 2 nanoparticles
The crystalline variety of the CeO 2 nanoparticles prepared according to different methods can be deduced from the X-ray diffraction spectra shown on 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 commercial sample, the rays appeared broader for some of those spectra because of a smaller crystallite size.
TEM was used to investigate the morphology of the synthesised nanoparticles (see Figure 3 ). The TEM images show a heterogeneous size and non-uniform shape for the commercial powder (a). Consequently, the size distribution is very large (from 20 to 300 nm). The particles synthesised in a mixed solvent (water/ethanol: 1/1 in vol.) are smaller, homogeneous in size and spherical in shape compared to those prepared in pure water (see
Moreover, one can also observe the effect of calcination. Indeed, a higher calcination temperature and/or longer calcination duration both seem to tend to increase the particle size (see Figure 3d ).
The CeO 2 nanoparticle diameter was also determined from BET technique by using specific area measurement (d BET ) and from direct measurement on TEM images (d TEM ) and compared with that measured by XRD (d XRD , see Table 1 ). One can observe from Table 1 that XRD, TEM and BET techniques give diameter values that are fairly close for the three different synthesis methods. This demonstrates that the CeO 2 nanoparticles are primary and non-porous and also monodisperse in terms of diameter.
Electrosynthesis and composition of PPy-DS/CeO 2 NPs nanocomposite films.
In the following investigations, the CeO 2 nanoparticles that were used are those obtained from the synthesis method d for which d BET , d XRD and d TEM are 12 nm, 10 nm and 12 nm respectively (see Table 1 ). Moreover, BET allowed the determination of a 70 m 2 /g specific area for those ceria nanoparticles (see Table 1 ).
In a first set of experiments, PPy-DS/CeO 2 NPs nanocomposite materials were electrodeposited on the gold electrode of an electrochemical quartz crystal microbalance 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 (EQCM) used simultaneously as a working electrode in a usual three electrode set-up (see section 3.3 and Figure 4b ). For the need of comparison, a similar experiment was carried out in the absence of cerium oxide nanoparticles (see Figure 4a ). Both voltammogramms are similar as they both show the expected irreversible oxidation of the monomer known to constitute the first step of the electropolymerisation of the monomer and subsequent formation of the polymer film on the working electrode surface. One can also observe an anodic and a cathodic peak corresponding to the electroactivity of the polymer film.
Intensity of both peaks increases with the number of scans, which indicates that the polymer film thickness increases as well. A similar conclusion can be drawn for the mass of ). This potential value was chosen because it corresponds to a situation where the electrodeposited film is in a reduced state. By doing so, one can consider that the mass increase observed for a given scan by comparison with the previous one actually corresponds to the global mass increase of the film. By considering that the incorporation of CeO 2 NPs do not alter the electrochemical deposition of the polymer, one can consider 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   13 that the difference in the mass uptake for a given cyclic scan extracted from both figures actually correspond to the mass uptake resulting exclusively from the incorporation of NPs. This CeO 2 mass uptake was plotted as a function of the number of cycles (see blue curve on Table 1 ) and a density value of 7.28 g/cm -3 for CeO 2 [31] , one can estimate that 7.2 10 11 CeO 2 NPs were incorporated in the nanocomposite film in the course of the electrodeposition process illustrated in Figure 4b . Due to the selected film thickness, our films can be considered as acoustically thin enough and under these conditions, gravimetric response are exclusively obtained here. In other words, viscoelastic contributions can be neglected here.
Composite morphology
FEG-SEM observations and EDS analysis of the resulting nanocomposite films
show a globular morphology bearing randomly oriented platelets (see Figure 5a ), as already reported in literature for PPy films elaborated in similar experimental conditions [33] . On the surface of this complex morphology, CeO 2 nanoparticle clusters (aggregates) were observed to be inhomogeneously dispersed. All these observations remain true whatever the 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Figure 4 ). It must be emphasized that consecutive cyclic voltammograms corresponding to the electrodeposition of the films investigated in this work were very similar in every aspects, whether the concentration of cerium oxide nanoparticles in the electrodeposition solution was 0, 2, or 5 g.dm -3 .
Classical electrochemical characterization
The electrochemical reactivity and stability of the resulting PPy-DS and PPy-DS/CeO 2 NPs films were then tested after transfer in an electrolytic aqueous solution containing NaCl (0.5 mol.dm -3 ). The consecutive voltammograms observed in Figure 6 show the expected pair of peaks corresponding to the above mentioned doping/undoping process of polypyrrole. There is no significant change of the shape and peak intensities of the voltammogram upon potential cycling, indicating that PPy-DS and nanocomposite PPy-DS/CeO 2 NPs films possess an electrochemical behaviour that is sufficiently stable for acelectrogravimetry investigations. It has to be emphasized that such observations are also 1 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 valid when the CeO 2 NPs are incorporated during the film electrodeposition. The peak intensities are not significantly altered whatever the content of CeO 2 NPs in the electrodeposition solution and thus, in the resulting electrodeposited film.
ac-electrogravimetric measurements
The ion exchange behaviour was studied by ac-electrogravimetry in NaCl aqueous electrolyte (0.5 mol.dm -3 ) in the active potential range between -0.6 to -1.1 V vs. SSE. In the following part, the interpretation procedure of ac-electrogravimetry data is reported for a selected potential, at E = -1.0 V vs. SSE. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   16 given by these electrochemical impedances, it should be noticed that the global response seems fairly constant independent from the film composition. It should also be noted that there is no obvious part with a slope equal to 45° or less in the electrochemical impedance response. Therefore, the rate limiting step is not mass transport in the film or in the solution but rather ionic transfer between the solution and the film [24] . The charge/potential transfer function, be very close to each other. At this stage, it is impossible to distinguish between anion and cation contributions and to determine which ionic species are involved. Nevertheless, the constants K i and G i were determined for two ions (see Table 2 for the K i values corresponding to the two ions) and were used in the following simulations. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   17 The DS doped polypyrrole films have been studied earlier in our group [24] . During oxidation, the anions were inserted in the film, whereas cations and solvent were expelled during oxidation. The kinetic constants of cations were the highest, followed by those of free solvent molecules and the anions contributed at low frequencies. As far as the PPy-DS films of the present study are concerned, the time constants of cations, solvent and anions are very close to each other and the different values obtained here do not correspond exactly with those reported previously. This could be attributed to the differences in the film preparation, specifically to the SDS concentration and potential range used during the potentiodynamic electrogeneration of the present PPy-DS films.
It should be noted that the contributions of the cation, the anion and the free solvent molecules are not perfectly separated as it can be seen in Figure 8 At -1 V vs. SSE, using the parameters, K c , K a , G c and G a obtained from the previous electrochemical simulations (Figure 7 and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 19 named concentration/potential transfer function ( 
The changes of key parameters over the potential applied
For all the potential values selected in the active range, the two key parameters K i and Rt i were determined according to the procedure described above and shown for the measurements at -1 V vs. SSE. These values are presented in Figure 9 .
For the sodium contribution (see Figure 9a ), two domains can be distinguished in terms of transfer rate. In the cathodic region, i.e. below -1 V vs. SSE, Na + is faster for the PPy-DS films while it is faster in the anodic region, i.e. above -0.9 V vs. SSE, for the composite films. In the case of Clanions, the kinetics of transfer is independent of the potential and remains faster in the case of the PPy-DS film (see Figure 9b ). For the free solvent, the plot of the influence of potential on K s values shows bell-shaped curves for the composite materials and decreasing trend for the PPy-DS film (Figure 9c ).
There are also two distinct domains in the charge transfer resistance values for Na + ions (see Figure 9d ). In the cathodic range situated below -0.8 V vs. SSE, Na + transfer is rather easier for the PPy-DS films than in the anodic region situated above this same value .  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   20 When CeO 2 particles are present in the films (Figure 9d ), the opposite behaviour is observed with a threshold potential of -0.85 V vs. SSE. The chloride ion transfer presents higher values in the case of the composite films. This is more pronounced in the cathodic region situated below -0.8 V vs. SSE. Thus, chloride transfer is more difficult and slower in the composite layers (Figures 9b and e ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 21 charge compensation process is magnified when the PPy-DS films contain CeO 2 nanoparticles. The water content increases as a function of the CeO 2 NPs content in the PPy-DS/CeO 2 NPs films (Figure 10b ). This is possibly due to the increased porous volume in the conducting polymer as a result of the added CeO 2 nanoparticles. Interestingly, the Cl C   values of PPy-DS/CeO 2 NPs (2 g.dm -3 ) and PPy-DS/CeO 2 (5 g.dm -3 ) films are about three times greater than that of PPy-DS films (Figure 10c ). The kinetic study discussed above showed that the Cl  ions in PPy-DS/CeO 2 NPs films at the film/electrolyte interface are slower compared with pristine PPy-DS films. Although the kinetics is slower in the presence of CeO 2 nanoparticles, the total amount of the Cl  ions inserted during oxidation are substantially higher than for pristine PPy-DS films.
Further experiments are currently underway to gain further information about the reasons explaining why PPy-DS/CeO 2 NPs composite films possess a permeability to water and chloride anions different from that observed for pristine PPy-DS films. One possible explanation can be based on a predictable effect (although poorly characterised at the present stage of our investigations) of cerium oxide nanoparticles incorporation on the porosity of such films. Another interesting issue is the electrocatalytic behaviour of cerium oxide nanoparticles towards water oxidation [20] resulting in water consumption and protons production that may enhance water and chloride exchanges observed at rather anodic potentials for PPy-DS/CeO 2 NPs composite films.
Conclusion
In this contribution, PPy-DS/CeO 2 NPs nanocomposite films were electrogenerated successfully, as evidenced from cyclic electrogravimetry, SEM-FEG and EDS experiments, from electrolytic and colloidal aqueous solutions containing CeO 2 nanoparticles 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   22 synthesised ex-situ. The incorporation of cerium oxide nanoparticles was shown to affect substantially the ion exchange behaviour of dodecylsulfate doped polypyrrole films upon electrochemical doping/undoping, as revealed from ac-electrogravimetry experiments, but not its electrochemical behavior as observed from cyclic voltammetry technique used for the electrodeposition step or after transfer in a blank electrolytic and aqueous solution. In this latter case, whatever the CeO 2 nanoparticles content is, upon electrochemical oxidation of the film, chloride anions and sodium cations were actually found to be inserted in and expelled out of the film, respectively. In addition, free water molecules were found to be systematically expelled (as sodium cations) upon oxidation of the film (except for rather anodic potentials in the absence of ceria nanoparticles in the film). The main influence of the presence of cerium oxide nanoparticles was observed on the transfer rates of the exchanged species. As the cerium oxide nanoparticles content increases in the PPy-DS films, sodium cations and chloride anions were found to be exchanged much faster and much slower respectively. Finally, chloride anions were found to be exchanged in higher amounts in the presence of CeO 2 nanoparticles than in their absence. All these observations tend to indicate that the incorporation of cerium oxide nanoparticles increases the permeability of PPy-DS thin films towards chloride anions in terms of quantities but not from a kinetic aspect. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   23  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 -62  84  70   -13  10  12   43  13  9  10 6040* 152 101 121 Table 1 : Crystallite size values obtained by BET, XRD and TEM. (*size distribution for this sample is very large, from 20 nm to 300 nm, as deduced from the exploitation of Figure 3a ). 
